INTRODUCTION
Island arc volcanism may have im portant significance not only in the develop ment of continents but also in tests of plate tectonics. Thus, island arc volcanism has been investigated from various point of view. The Japan arc is a typical island arc, and island arc volcanism can be best studied in Japan.
Lateral variation of basalt magma across island arcs has been recognized by Kuno (1960) and Jakes and White (1969) . To confirm that variation, it is necessary to determine how the REE pattern for basaltic magma varies across the Japan arc.
Recently, the REE features of volcanic rocks from the Japan arc have been revealed (Masuda, 1966 (Masuda, , 1968 Philpotts et al., 1971; Nagasawa and Schnetzler, 1971; Masuda et al. 1972; Nagasawa, 1973; Fujimaki, 1975; Masuda and Aoki, 1978) . Masuda (1966) divided the volcanic rocks from Japan into t hree distinct types by their REE patterns. Philpotts et al. (1971) recognized the three distinct types. The three distinct types are as follows: (1). basalt with a convex upward REE pattern (tholeiite series), (2). basalt with a logarithmically linear REE pattern (high alumina basalt series) and (3) basalt with a concave upward REE pattern (alkali basalt series). The rock samples whose REE data have been reproted were not systematically collected in time and space. Moreover, the number of analyzed specimens is not enough. Therefore, it is difficult to recognize the lateral variation of the REE pattern for basaltic rock across the Japan arc.
The basic purpose of this study is to determine precisely the REE contents in representative basaltic rocks erupted during Quaternary in the Japan arc, and to in quire whether there is lateral variation of the REE pattern for basaltic magma across the Japan arc.
SAMPLES AND EXPERIMENTAL

PROCEDURE
Localities of the volcanoes and lava flows where samples have been collected are shown in Fig. 1 . Petrographic and major element data of all the samples analyzed for Fig. 1 . Locality map of the volcanoes and lava flows where samples were collected . Line AB and EF are boundaries between the tholeiite and high alumina basalt zones and lin e CD is that between the high alumina basalt and alkali basalt zones . (Kuno, 1959 (Kuno, , 1960 Katsui and Takahashi, 1960; Isshiki, 1963; Oba, 1966; Fujii, 1974; Hamuro, 1975; Fujimaki, 1975 Fujimaki, , 1978 Aoki and Fujimaki, in preparation) . 1) Tholeiite series 2: Usu volcano, Augite bearing-hypersthene-olivine-basalt, somma lava of Usu volcano (Oba, 1966) . 7: Hakone volcano, Augite-olivine-basalt, old somma lava of Hakone volcano (Fujimaki, 1975 (Kuno, 1959) . 9: Hachijo-jima island, Aphyric basalt, lava of pre-caldera cone of Higashi yama volcano in Hachijo-jima island (Isshiki, 1963) .
2) High alumina basalt series 10: Tokachi volcano, Augite-olivine-basalt, bava of Furanodake, one of the strato-cones of Tokachi volcano (Katsui and Takahashi, 1960) . 11: Ichinomegata volcano, olivine-basalt, scoria erupted from Ichinomegata maar (Aoki and Fujimaki, in preparation). 12: Fuji volcano, Olivine-basalt, Aokiga hara lava of Fuji volcano (Fujimaki, 1978) . 13: Joboshi volcano, Olivine-basalt, lava of Joboshi volcano, one of the cones of Omuroyama volcano group (Hamuro, 1975) . 15: Nii-jima island, Olivine-basalt, an ejected block in a basalt-lapilli bed at Wakago, Nii-jima island (Kuno, 1960) . 3) Alkali basalt series 20: Hamada area, Nephelinite, lava at Table 1 . Rare earth element abundances in basaltic rocks (ppm) * Data for 7 are from Fujimaki (1975) . ** REE abundances of chondrite used for normalization (Masuda et al., 1973) . *** References for sample descriprions and major element data: (1) Oba, 1966; (2) Fujimaki, 1975 ; (3) Kuno, 1959; (4) Isshiki, 1963; (5) Katsui and Takahashi, 1960; (6) Aoki and Fuji maki, in preparation; (7) Fujimaki, 1978; (8) Hamuro, 1975; (9) Kuno, 1970 ; (10) Nagashima, Hamada city (Fujii, 1974) . The REE and Ba were determined by mass spectrometric stable isotope dilution in the same way that described by Masuda et al. (1973) . The accuracy of the analysis is better than a few per cent.
ANALYTICAL RESULTS AND DISCUSSION
The results of the REE and Ba analyses are given in Table 1 . All the data are normalized to chondrite-values given in Table 1 (Masuda et al., 1973) and their Fig. 2 . Chondrite-normalized REE patterns for representative basaltic rocks from Japan . Dotted area shows the region of basic abyssal tholeiites (Frey and Haskin , 1 964; Gast, 1968; Kay et al., 1970) . Square: tholeiite . Triangle: high alumina basalt.
Cricle: alkali basalt. (Masuda et al., 1975) . 2: Usu volcano. 3: Towada volcano (Masuda and Aoki, 1978) . 4: Iwate volcano (Masuda and Aoki, 1978) . 5: Akita-komagatake volcano (Masuda and Aoki, 1978) . 6: Funagata volcano, (Masuda and Aoki, 1978) . 7: Hakone volcano, (Fujimaki, 1975) . 8: Oshima island. 9: Hachijo-jima island.
chondrite-normalized REE patterns are shown in Fig. 2 . The dotted area in Fig. 2 shows the region of basic abyssal tholeiites (Frey and Haskin, 1964; Gast, 1968; Kay et al., 1970) .
1) Tholeiite
The REE patterns for tholeiitic basaltic rocks are plotted in Fig. 3 with previously reported data (Masuda et al., 1975; Fuji maki, 1975; Masuda and Aoki, 1978) . The island-arc tholeiite (Jakeg and Gill, 1970) from Japan are relatively poor in REE com pared to abyssal tholeiites. However, the low MgO/FeO* ratios of the analyzed island-arc tholeiites imply that these rocks might have been slightly fractionated. The Japanese island-arc tholeiite magma before the slight fractional crystallization would be extremely depleted in REE. On the con trary, the Japanese island-arc tholeiite magma is enriched in Ba compared to the basic abyssal tholeiite. The high Ba concentration in island arc tholeiite is a striking feature (Jakes and Gill, 1970) .
Most of the REE patterns for tholeiitic basalts are convex upwards and their La/Yb ratios are similar to those of the island arc tholeiites. The REE patterns for island arc tholeiites from Hakone (Fujimaki, 1975) , Funagata, Akita-komagatake, Iwate , To wada (Masuda and Aoki, 1978) and Usu volcanoes are nearly flat. Masuda and Aoki (1978) have already reported that the island arc tholeiites in the Japanese tholeiite province could be classified into two types, one with high La/Yb ratios (1.2-2.1) and another with low La/Yb ratios (0.55-0.95). The REE patterns of the former type are nearly flat and those of the latter type are convex upwards. However, as shown in Fig. 3 the difference between the two types is not distinct and the pattern varies gradu ally in the tholeiite zone. It is meaningless that they classified tholeiitic rocks in Japan into two types by La/Yb ratios.
Tholeiites with upward convex REE patterns occur closer to the Japan trench, and the light REE in toleiites increase gradually with increasing of distance from the trench. The tholeiite from the Usu volcano is relatively enriched in the light REE and has the REE pattern of inter mediate slope (No. 2 in Fig. 3 ). The gradual increase in the light REE in tholeiitic basalts may be caused by the gradual decreasing of degree of partial melting. The tholeiite occurring close to the trench may be formed by high degree of partial melting, while the degree of partial melting will decrease as the increasing of distance from the trench, and the tholeiite from the Usu volcano might have been produced by low degree of partial melting of mantle. The nearly flat REE patterns for island arc tholeiites resemble the REE pattern for high alumina basalt from Nii-jima island (Fig. 4) in a relative sense. As far as the 11: Ichinomegata volcano. 12: Fuji volcano. 13: Joboshi volcano. 14: Sukumoyama volcano (Philpotts et al., 1971) . 15: Nii-jima island.
REE pattern concerned, the nearly flat REE patterns for the island arc tholeiites cannot be distinguished from the nearly flat REE pattern for the high alumina basalt from Nii jima island. However, their major element data (Kuno, 1960) suggest that there is a clear boundary between the tholeiitic rock series and the high alumina basalt series in a total alkali-SiO2 diagram (Kuno, 1960) . However, the absolute REE abundance in the high alumina basalt is higher than that in the tholeiites with neary flat REE pat terns. The similarity of the REE patterns and the difference of the major elements between the two rock series may suggest that the REE can move decoupled from from major elements.
2) High Alumina Basalt
The REE patterns for high alumina basalt are plotted in Fig. 4 with previously reported data (Philpotts et al., 1971) . The REE pattern for the high alumina basalt from Nii-jima island is nearly flat. The REE patterns for the other high alumina basalts have curved intermediate slopes. The latter patterns may be typical for high alumina basalt in Japan. In addi tion to this variety of REE patterns for the high alumina basalts, the REE pattern for the high alumina basalt from Ichino megata volcano has a steep slope. Indeed there are some high alumina basalts with logarithmically linear REE patterns (for example, No. 13 and No. 15 in Fig. 4 ), but most of high alumina basalts have curved REE patterns of intermediate slopes.
The high alumina basalt from Nii-jima island, which is situated close to the tholeiite province, has a neary flat REE pattern. However, high alumina basalt, in general, does not occur close to the tholeiite province. The high alumina basalt erupted in Nii jima island is one of the rare examples. The other high alumina basalts with curved REE patterns of intermediate slopes occur relatively far from the tholeiite province. The high alumina basalt (Ichinomegata volcano) occurring in vicinity of the alkali basalt zone is extremely enriched in light REE. Its REE pattern is similar to that for the alkali basalt and as far as the REE pattern concerned, they cannot be dis tinguished.
In the narrow high alumina basalt zone the REE pattern for high alumina basalt gradually varies from the Pacific Ocean side to the Japan Sea side. This tendency may suggest that the degree of partial melting of mantle becomes lower as the distance from the trench increases.
3) Alkali Basalt
The REE patterns for alkali basalts are plotted in Fig. 5 with previously reported data (Masuda, 1968; Masuda et al., 1975; Nishimura and Ikeda, 1976) .
Most of the alkali basalts occurring in Japan are not extremely enriched in alkali elements. Nephelinite occurs only in the Hamada area (Fig. 1) (Masu da et al., 1975) .
17: Oshima-Oshima island (Masuda et al., 1975) . 18: Kiso volcano (Masuda, 1966) . 19: Southern part of Izu peninsula (Nishimura and Ikeda, 1976). 20: Hamada area. to distinguish high alumina basalt from alkali basalt by only REE pattern. The similarity of the REE pattern and the difference of the major elements between the two rock series may suggest that REE can behave independently of the major elements. 4) Lateral Variation of La/Yb ratios In Fig. 6 , La/Yb ratios are plotted. As easily visualized from the figure, the ratios show zonal variation. This ratio gradually increases from the Pacific Ocean side to the Japan Sea side. In the Izu region, the ratio rapidly increases in the narrow zone. This tendency should be correlated with the rapid decreasing of degree of partial melting northwestward beneath the region.
CONCLUSIONS
Principal conclusions are as follows:
(1) Lateral variation of the REE pattern for basaltic magma across the Japan arc was recognized. The light REE in basaltic rock gradually increase and the REE pattern gradually varies from the Pacific Ocean side to the Japan Sea side.
(2) It is impossible to divide the volcanic rocks into three rock types only on the basis of the REE pattern.
